Introduction
The electrical properties of altered cells (like cancer cells or cells changed by the inflammatory process) are different than in the normal tissues. Cells of the body possess electrical mechanisms and use electricity to regulate and control the transduction of chemical energy and other life processes. The electrical changes may precede biochemical disorders and, thus, also clinical symptoms of many diseases [1, 2] .
Chronic heart failure (CHF) involved 1% to 2% of the adult population in developed countries. This percentage increases in the group above 70 years old and is estimated to be over 10% [3] .
The most common symptoms of CHF are associated with fluid retention and are the following: dyspnea, orthopnea, decreased exercise tolerance, and gravitational edema. Less characteristic symptoms such as tachycardia, palpitations, weight gain, dizziness, and depression are difficult to assess especially in elderly patients with chronic lung diseases and other chronic diseases [3] .
The severity of symptoms helps doctors to make decisions about further therapy, especially invasive treatment. Many factors related with poor prognosis have been taken into consideration in patients with CHF. However, the risk assessment with their use remains very limited. Studies
Outcome Measures
In all patients, data evaluation, including: demographic (sex, age), clinical (NYHA stage), laboratory (CRP), and BIA measurements (PA, Xc, R, Cm, Z200/Z5) was performed. Every time prior to consultation, a physician reviewed the patient's medical record and verified any change in patient's weight. BIA was conducted using ImpediMed bioimpedance analysis SFB7 BioImp v1.55 (PinkenbaQld 4008, Australia). During BIA, patients were lying supine and their legs and arms were not touching the torso. All measurements were performed on the patients' right side. The four-surface standard tetra polar electrodes technique on the foot and hand was used. R and Xc were measured three times in each patient (mean values were than calculated), directly in Ω at 50 kHz. Cm and PA, Z5, and Z200 values were automatically obtained from the equipment. The Z200/Z5 ratio was calculated.
Statistical Analysis
The statistical calculations were performed using Statistica 13 PL (StatSoft, Palo Alto, CA, USA) and MedCalc 15.8 (MedCalc Software, Ostend, Belgium) computer software. The difference was considered to be statistically significant if p ≤ 0.05. Continuous variables such as PA50, Xc50, R50, Z200/Z5, Cm, and CRP were compared according to NYHA functional classes I-II and III-IV of CHF using the non-parametric U test-Manna-Whitney test. Correlation of this type of variable was assessed using the Spearman rank correlation test.
Results
In the study group, there was 44 women and 56 men. Median age of patients was 73 years. Both in men and in women, most patients had 3rd degree (according to NYHA scale) of CHF (30.4% and 36.4%, respectively). Mean value of Body Mass Index (BMI) and weight indicate that most patients were overweight (BMI: 29.2 ± 5.9, weight: 81.9 ± 17.1 kg). Baseline characteristics of the study group was presented in Table 1 . In the men, significantly lower PA values (p = 0.01, Figure 1A ) and Xc (p < 0.01, Figure 1B ) were observed in patients classified into NYHA groups III and IV compared to those with lower stages of disease (I and II). Similarly, lower Cm values were noted in patients with higher stages of disease (III and IV: p = 0.02, Figure 1C ). However, significantly higher values of the Z200/Z5 index were observed in patients with higher stages of disease (III and IV: p < 0.01, Figure 1D ). Detailed data on the comparison between electrical measurements obtained on the basis of BIA depending on the severity of chronic HF in men was presented in Table 2 . Similarly, in the women, significantly lower PA values (p = 0.02, Figure 2A ) and Xc (p = 0.03, Figure 2B ) were observed in patients classified into NYHA groups III and IV as compared to those with lower stages of disease (I and II). However, significantly higher values of the Z200/Z5 ratio were observed in patients with higher stages of disease (III and IV: p = 0.02, Figure 2C ). Detailed data on the comparison between electrical measurements obtained on the basis of BIA depending on the severity of CHF in women was presented in Table 3 . Moreover, in men, CRP correlated significantly with PA (p < 0.01, Figure 3A ), Xc (p < 0.01, Figure 3B ), and Cm (p < 0.01, Figure 3C ). A positive correlation with this factor was observed only in the case of Z200/Z5 ratio (p < 0.01, Figure 3D ). In women, CRP significantly correlated negatively only with BMI (p = 0.01, Figure 4A ) and body weight (p < 0.01, Figure 4B ). Detailed data on the correlation between CRP and other studied factors was presented in Table 4 . (C) impedance ratio (Z200/Z5). depending on the severity of chronic heart failure according to the New York Heart Association (NYHA) scale in women. Figure 2. Differences in the values of electrical parameters obtained from BIA depending on the severity of chronic heart failure according to the NYHA scale in women. (A) Differences between phase angle at 50 kHz (PA). (B) reactance at 50 kHz (Xc). (C) impedance ratio (Z200/Z5). depending on the severity of chronic heart failure according to the New York Heart Association (NYHA) scale in women. 
Discussion
In recent decades, heart failure (HF) is still a growing problem. HF is a chronic, progressive process and is often the consequence of most heart diseases. It is characterized by high morbidity, mortality, and frequent exacerbations requiring hospitalization [17] . This is paradoxically due to the greater possibilities of pharmacological and surgical treatment of ischemic heart disease, more effective treatment of valvulopathy, and prolonged survival of patients [25] . The incidence of HF increases rapidly with age. It is a health problem that affects not only patients but also their families and the health care system. The highest costs are generated by hospitalizations related to exacerbations and rehospitalizations, which concern almost half of patients with HF [26] . For this reason, new methods should be sought to predict the risk of exacerbation in patients with CHF in a non-invasive, objective, and easily understandable manner. Symptoms of HF are mainly caused by 
In recent decades, heart failure (HF) is still a growing problem. HF is a chronic, progressive process and is often the consequence of most heart diseases. It is characterized by high morbidity, mortality, and frequent exacerbations requiring hospitalization [17] . This is paradoxically due to the greater possibilities of pharmacological and surgical treatment of ischemic heart disease, more effective treatment of valvulopathy, and prolonged survival of patients [25] . The incidence of HF increases rapidly with age. It is a health problem that affects not only patients but also their families and the health care system. The highest costs are generated by hospitalizations related to exacerbations and rehospitalizations, which concern almost half of patients with HF [26] . For this reason, new methods should be sought to predict the risk of exacerbation in patients with CHF in a non-invasive, objective, and easily understandable manner. Symptoms of HF are mainly caused by fluid retention in the body. It is caused by renin-angiotensin-aldosterone (RAA) activation, which aims to restore homeostasis in the body. The negative effect of RAA activation is poor remodeling of the heart, water retention, and electrolyte disturbances [27] . There is increasing evidence that body composition should be considered as a systemic marker of disease severity in CHF [17, 28] . Moreover, there is a lot of evidence in the current literature that pro-inflammatory cytokines and CRP are a prognostic factor in CHF [29, 30] .
For a long time, it has been known that the electrical properties of patients with CHF cells are different than the electrical properties of the healthy man [9, 17] . Based on this information, we postulate new cell condition markers among patients with CHF. BIA can be the method of choice in diagnostic of CHF because it is easy, repeatable, and non-invasive. Increased fluid retention changes the electrical properties of cells, which can be monitored with BIA [9, 17] . BIA evaluates body properties such as resistance (R) and reactance (Xc) by recording a voltage drop in applied current. BIA has also been recognized as an important tool in the objective evaluation of body composition and nutritional status in many diseases including cancer. BIA parameters differ by many factors. From measured R and Xc values, various body compartments can be assessed by use of specific prediction equations that are based on model assumptions, and that, in general, are population-specific, age-specific, sex-specific, fatness-specific, and disease-specific [11] .
The first parameter of BIA that we assessed was the PA. As we previously mentioned, the PA is a parameter indicating the health of cells and its higher value indicates better cell functioning. It was found that PA is a prognostic marker in several clinical conditions, such as the cirrhosis, human immunodeficiency virus infection, chronic obstructive pulmonary disease (COPD), hemodialysis, sepsis, and cancer [10] [11] [12] [13] [14] [15] [16] . The PA as an independent prognostic factor in CHF has not been determined but the lower value is associated with a worse NYHA class, more frequent anemia, and thyroid disease in these patients [31, 32] . In our study, we observed a decrease in the value of the PA with the higher stage in the NYHA classification.
In comparison, in 2011, Colin-Ramirez et al., retrospectively, examined 389 patients with HF and the end point was death for any reason. Due to the PA values, patients were classified according to quartiles into four groups ( (1) In another study, Martinez et al. studied 243 patients with HF (140 with systolic dysfunction (HFS) and 103 with preserved systolic function (HFPSF)) and comparing them according to the functional NYHA class. In both groups, HFS and HFPSF, the PA was significantly lower in patients in NYHA III-IV than NYHA I-II (4.8 vs. 5.8 • in men and 4.2 vs. 4.9 • in women) [17] .
The significance of the PA was also studied in COPD. In 2018, Blasio et al. in a prospective study examined a group of 263 patients (185 men, 78 women). They discovered that patients with diagnosed malnutrition had significantly lower PA values as compared to those with a normal nutritional status (median: 4.69 and 4.87 • ). The PA values were the lowest in malnourished patients with advanced severe inflammation (PA = 4.11 • ) (p < 0.05). Similar observations were noted in patients with current sarcopenia. Median PA for patients without sarcopenia 4.90 and 4.66 • with sarcopenia and 4.29 • with severe sarcopenia (p < 0.05) [34] .
The importance of the PA was also studied in liver disease. In 2018, Bering et al. examined 135 patients (68 men and 67 women) with hepatitis C. They studied the nutritional status of patients using the Subjective Global Assessment (SGA) scale for the risk of developing cirrhosis. A low PA value was associated with high risk of developing liver cirrhosis (OR = 3.92, p < 0.01) and high risk of malnutrition (OR = 5.52, p = 0.05) [35] .
According to the study, Olivier et al. carried out a prospective study on a group of 58 hemodialyzed patients (28 men and 30 women). They discovered that the PA negatively correlates with the SGA score and positively with the albumin level, percent of standard body weight, arm circumference, and body fat mass (BFM) [36] . Moreover, in 2003, Mushnick et al. examined 48 patients with peritoneal dialysis. They found that patients with PA greater than 6 degrees had a better prognosis of two years' survival [37] .
The studies we mentioned above suggest PA to be a valuable marker and prognostic factor in various diseases changing electrical and functional properties, including HF.
Similarly, changes in PA value and lower Xc values were observed in patients classified into NYHA groups III and IV (p < 0.01) compared with lower stages of disease. Similar conclusions in our study were achieved in 2007 by Martinez et al. They observed significantly lower values of Xc in NYHA III-IV group regardless of sex and age [17] .
An additional parameter that can be determined using bioimpedance is Cm. The Cm is a physical quantity equal to the ratio of charge collected on the conductor to the potential of the conductor. The Cm describes the measure of the oscillating current that is caused by the flow of electric ions across the cell membrane [19] . So far, no work has been created to determine diagnostic and prognostic values of this parameter in CHF. In our study, lower Cm values were observed in patients in the NYHA functional class III-IV and observed to increase in NYHA functional class I-II (p = 0.02). However, the differences were observed only in men. Although it needs further studies, Cm can be regarded as another remarkable CHF marker despite PA.
Małecka-Massalska et al. examined a cohort of 75 stage IIIB and IV head and neck cancer (HNC) patients. This prospective study assessed the effect of Cm value on survival patients suffering from malnutrition and the well-nourished (According to Subjective Global Assessment Scale, SGA) adult patients with HNC. A significantly higher median Cm was observed in well-fed patients (n = 45) compared to poorly nourished (n = 30) (1.41 vs. 1.01 1 µF/cm 2 , p < 0.01). A lower Cm below the level of 0.743 was associated with a significantly higher risk of OS shortening than in other patients (12.1 and 43.4 months respectively. HR = 8.47, 95% CI: 2.91-24.66; χ 2 = 15.38, p < 0.01) [8] .
The next parameter we specified was Z200/Z5. This is a parameter of water distribution and values closer to 1.00, which are indicative of a significantly deteriorating cellular function. In our study, the impedance ratio Z200/Z5 is higher in the NYHA III-IV. Similar results have been achieved by Martinez et al. in the study we mentioned above. They found that the NYHA III-IV group had a greater ratio Z200/Z5 both in men (group of 51 patients with HFPSF and 82 patients with HFS) and women (group of 52 patients with HFPSF and 58 patients with HFS) (women 0.85 NYHA III-IV versus 0.82 NYHA I-II, men 0.83 versus 0.80, p < 0.01) [17] . Itobi et al. also studied the impedance ratio Z200/Z5. They observed 38 patients (21 men and 17 women) for the occurrence of edema after major abdominal surgery and reported that the ratio Z200/Z5 was higher in those patients who develop edema than in patients without (0.81/0.03 in group with edema versus 0.80/0.02 in group without, p = 0.01) [36] . The Z200/Z5 can be especially an important marker of fluid retention and an early marker of HF exacerbation and allow for an appropriate intensification of pharmacological treatment and avoid future hospitalization.
In addition to our study, the results of BIA were referred to CRP. As we have already mentioned, CRP is a prognostic factor in HF, which plenty of evidence in the available literature supports [29, 30] . Our results show that in men, CRP negatively correlates with PA (p < 0.01), Xc (p < 0.01), and Cm (p < 0.01) and positively correlates with the Z200/Z5 ratio (p < 0.01). In women, CRP correlates negatively with BMI and body weight (p < 0.01). In our study, CRP correlated only with BIA parameters in men. The reason might be the number of patients, which was the study limitation. Usually, CRP correlates with the inflammation state, which is also the background of malnutrition, especially when chronic. We expected to observe the correlation of CRP and BIA parameters in both groups (men and women). This is one of the first studies addressing this problem in the Polish population. Initially, we examined only a small population of patients (100 patients) with CHF hospitalized in a single specialized department. Further research is necessary to determine cut-off points of the main parameters and define groups of patients at the risk of exacerbation. It seems that, due to the repetitive and non-invasive method, that BIA will be able to assess the risk and predict an exacerbation in patients with CHF, which will reduce the number of hospitalizations and the cost of treatment of patients with CHF.
Conclusions
Patients with advanced CHF have altered electrical values. Regardless of the gender, patients with advanced CHF have lower PA and Xc values and higher Z200/Z5 ratios. Cm values are lower in advanced disease only in men. In men, CRP negatively correlates with PA, Xc, and Cm. Moreover, CRP positively correlates with the Z200/Z5 ratio. In women, CRP correlates negatively with BMI and body weight. Therefore, observed in patients, changes in electrical values may directly reflect tissues as well as the whole-body condition. BIA parameters can be, therefore, regarded as CHF deterioration markers although it needs further studies. 
